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In  connection with  another paper describing  the  catalytic rSle of 
phosphate ill plant respiration  (Lyon, 1927) brief mention is made of 
some experiments in which the effect of arsenate on plant respiration 
and  on  oxidation  was  observed  qualitatively.  A  catalytic  effect is 
found in  both  cases.  The importance of this hitherto  unconsidered 
property of arsenate seems to justify a  more detailed report of experi- 
ments which have been extended in order to provide more data. 
It should be borne in mind that the present discussion of the catalytic 
effect of arsenate  does not  detract from  the apparently unique  r61e 
of  phosphate  as  a  non-toxic  promoter  catalyst  for  the  respiratory 
enzymes.  The  same  concentration  of  arsenate  which  momentarily 
increases the rate of production of COs by living tissues soon exercises 
a  toxic effect. 
There are several suggestive  items of evidence  to be found in  the literature 
regarding the effect of arsenate salts.  Most of those  to which  we shall  refer 
have resulted from comparisons  of arsenate with phosphate in models or isolated 
phases of respiration.  These are therefore particularly valuable items of evidence. 
In the oxidation-reduction system of Haehn and Piilz (1924) a supposed cleavage 
of water molecules is effected by means of a combination of amino acid and phos- 
phate.  At least the presence of these two reagents in aqueous solution results in 
an  oxidation of acetaldehyde and  a  reduction of methylene blue,  at  relatively 
high temperatures.  Arsenate was found to be equally effective when substituted 
for the phosphate. 
Meyerhof and Matsuoka (1924)  have repeated and  extended the observations 
of Warburg and Yabusoe  (1924) on the oxidation of fructose by pure oxygen in a 
solution  of phosphates presumably containing  iron salts.  They found that ar- 
senates  could be used in place of phosphates without destroying the effectiveness 
of the iron catalysis. 
The substitution of arsenate for phosphate in alcoholic fermentation cannot be 
made to the extent of a complete replacement of phosphate.  Some phosphate is 
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essential  to the formation of hexose phosphate, an ester of hexose and potassium 
phosphate.  This ester is continually being formed and decomposed by certain 
enzymes.  Harden  and  Young  (1911) did observe that  arsenate could replace 
phosphate in the sense that the latter causes an increase in the production of CO2 
(and  alcohol).  They attributed  this  effect to  an increased  activity of hexose 
phosphatase,  the enzyme which splits the ester. 
When Harden  and Henley  (1922) reviewed the work of  Witzemann  (1920) 
on the oxidation of glucose by H202 as affected by phosphate, they were inclined 
to the view that the buffered solution of phosphates aided the reaction by the effect 
on the peroxide.  They demonstrated a qualitatively similar action by other salts 
such  as carbonates.  However, their results show a special effect of phosphates 
and arsenates over and above the buffer action.  This effect has never been Clearly 
explained. 
Our  first  experiments  with  arsenates  consisted  in  adding them  to 
slowly oxidizing solutions of pyrogallol and to slowly respiring tissues 
of Elodea canadensis. 
Whenever  a  few  drops  of  arsenate  solution--either  the  alkaline 
• (pH =  9.1.8) solution of disodinm arsenate or the same solution brought 
to  pH.  7.0  with  the  same  molar  concentration of  arsenic  acid--are 
added  to  a  relatively large  volume of a  solution  of pyrogalHc acid 
there is a  rapid  coloration of the solution.  This indicates an oxida- 
tion of the pyrogallol, the  end-products being purpurogallin,  carbon 
dioxide,  and  water.  It  is  a  matter  of hours  before  the  usual  slow 
oxidation forms sufficient purpurogallin  to  give a pale straw color to 
the solution, but the addition of arsenate provides the same color in 
not more than 2 minutes.  The effect of arsenate is qualitatively the 
same as that of phosphate (cf. Lyon, 1927). 
In a typical experiment 5 drops of a 0.085 M solution of disodium  arsenate are 
added to 15 or 20 cc. of 1 per ce~t solution of pyrogallol.  For the control there is 
added the same number of drops of a solution  of NaOH which has been diluted 
until the hydroxyl ion concentration is the same or greater than that of the amen- 
ate solution.  The difference in color between the experiment and control increases 
rapidly during the 1st hour or 2 and is more marked near the surface of the solu- 
tion.  The difference is maintained for days and weeks while both solutions  be- 
come yellowish, then brown, and finally brownish-purple.  No previous mention 
of such an effect has been found. 
In Fig. 1 are Shown six individual time curves of the rate of produc- 
tion of CO2 by Rlodea canadensis.  These experiments were carried out C~m_~ES I.  LYON  619 
according to the technique described in a previous paper (Lyon, 1923- 
24), using a form of the apparatus described by Osterhout  (1918-19). 
The normal rate of production of COs by the untreated tissues is taken 
as 100 per cent.  The subsequent changes in the rate are indicated by 
a  curve smoothed  through  points each of which  represents  the  rate 
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FIG. 1.  The effect of 0.1 ~ neutral arsenate solutions on the production of CO~ 
by Eloclea.  Each curve represents a single experiment.  The normal rate before 
the add/tJon of arsenate/s taken as 100 per cent. 
a  concentrated solution of neutral mixtures of disodium arsenate  and 
arsenic acid to give an effective concentration of 0.1 ~. 
The fall of the first readings below normal is to be regarded as the 
result  of the increased  CO,-absorptive capacity of the diluted  solu- 
tions of arsenates (of. Fig. 1 in Lyon, 1923-24).  The rise of each curve 
above the 100 per cent level shows the manner  in which the rate of .~0  ARSENATE  AS  A  CATALYST  OF  OXIDATION 
production of CO~. is uniformly increased after about  1 hour.  The 
similarity of this part of each curve with that of the individual curves 
for the effect of phosphate  (loc.  cir.)  is evident.  This close parallel 
may lead us to believe that arsenate also acts as a  catalyst  to  the 
respiratory enzymes of Elodea. 
The difference in the effects of arsenate and phosphate  is shown by 
the difference in their time curves after the 1st hour.  With arsenate 
the toxic effect is shown by the gradual decrease in the rate of produc- 
tion of C02  until  the rate  becomes slower than  the  normal.  With 
phosphate  no  such  toxic effect is  observed.  The  differences  to  be 
noted among the several individual experiments are to be attributed 
to the different rates at which the several lots of plants showed  sus- 
ceptibility to the toxic effect of the arsenate. 
Until this apparent  catalytic effect of arsenate has been  demon- 
strated in a greater number of cases we may not go far in using the 
principle in an interpretation of the general action in organisms.  We 
would, however, point out a possible relation of this catalysis to three 
of the four cases cited to show how phosphate may be replaced by 
arsenate.  In the system used by Haehn and Ptilz, in that of Meyer- 
hof and Matsuoka, or in that of Harden and Henley, the substitution 
of  arsenate for phosphate may be  possible  because  each  acts  as  a 
catalyst in the system.  For example, in the case of the oxidation of 
fructose by pure oxygen in the presence of phosphate or arsenate and 
of iron, the phosphate or arsenate may act as a promoter catalyst to 
the slow or potential oxidation of fructose by iron. 
To test the principle involved in this hypothesis we have performed, 
with arsenate, experiments comparable with' those reported elsewhere 
for phosphate (Lyon, 1927).  Into each of four tubes were placed 15 
cc. of a  1 per cent solution of pyrogallol.  Additions of substances 
selected for an analysis of their effect on the rate of oxidation were 
made as follows:  (1)  4 drops of 0.34 ~  neutral arsenate mixture; (2) 
the same plus a small, clean, iron nail; (3) 4 drops of water plus a simi- 
lar iron nail; (4) 4 drops of water.  No. 4 was a control and the rate 
of oxidation was  so  slow  that  no  important  color change could be 
observed for hours.  The arsenate in  1 induced a  visible production 
of color after not more than 2 minutes.  Essentially the same color 
appeared in  2  above the nail and even less color finally came in  3 C'B.Ag~S J.  LYON  621 
above the nail than in 4.  But at the surfaces of the iron there appeared 
strongly colored regions.  The region in 2 was much greater in volume 
than that in 3 but was violet-purple in contrast with the pure purple 
about the iron in 3. 
During the remainder of such an experiment the  tubes  were  fre- 
quently stirred in order to avoid gradients in the concentrations of 
oxygen and oxidation products throughout the solution, particularly 
in the vicinity of the iron.  This procedure caused no change in the 
apparent color of the oxidation products, but after 2 to 4 hours it was 
observed that the density of the coloration in No. 2 was much greater 
than  that  in  either  1  or  3.  To  determine whether this was any- 
thing more than the additive effect of the two catalysts, the color was 
compared with  that  of  a  mixture of  equal parts of 1 and  3,  care 
being taken to equalize the dilution effect of the mixture.  The result 
of such  comparisons showed  that  the  color in  2  was of a  density 
greater than the purely additive effect would account for.  It  thus 
fully  supported  the  hypothesis  that  arsenate  can  function  as  a 
catalyst to an iron catalysis--the so called "promoter effect." 
These experiments have been repeated many times  with  uniform 
results, and likewise with pure iron wire to show that the iron in the 
nail alone catalyzed the oxidation.  Attempts to obtain  time curves 
for these experiments have been prevented by inherent  difficulties. 
It is possible to find a suitable color standard for either the coloration 
produced by the arsenate and iron acting together, or for that of the 
color of the mixtures of solutions in which each acts alone; but the 
same standard will not do for both.  This is due to an excess of pure 
purple produced when they act together and which is of itself a dem- 
onstration  that  the  arsenate influences the  action  of the iron as a 
catalyst.  By definition this is a promoter effect and corresponds to 
the observed effect on the respiratory enzymes of Elodea  up to the 
time when it was masked by the toxic effect. 
SUMMARy. 
Arsenate exerts a  catalytic effect on  the  oxidation  of pyrogallol 
by atmospheric oxygen, on the catalytic oxidation of pyrogallol by 
metallic iron, and on the presumably enzymatic production of CO~ 
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